Abstract Published data suggest that particle charge could be related to its toxicity. Respirable particles containing silica were therefore collected in foundries and their charge measured. These particles carried high levels of positive charge that were related to low humidity. Incubating these particles with pulmonary macrophages from mice produced detectable activities of collagenase, a precursor ofsilicosis. These experiments confirm that the toxicity of silica particles is likely to be because of the positive charge they carry.
Silicosis is caused by inhaling excessive quantities of respirable silica bearing dusts. The disease, once initiated, is irreversible and progressive. Although this has been recognised for 2000 years, it still remains one of the most common occupational diseases. The National Institute of Occupational Safety and Health estimates that 1 200 000 workers are exposed to free silica in the United States and it is common for 15% of the exposed workforce eventually to develop silicosis. Although most pathogenic mechanisms have received attention, what makes silica toxic still remains an enigma. As long as this is unresolved, the continued efforts of the medical and technical communities to reduce the incidence of silicosis by medical surveillance, pulmonary function tests, x ray film examinations, and improved environmental control could be frustrated.
Particles capable of reaching the alveolar areas of the lungs are termed "respirable" and are usually from 0 5 to 5 pm in aerodynamic diameter. The basic mechanism of removal consists of these particles being engulfed by alveolar macrophages and then carried to the mucociliary system to be cleared. The rate of clearance depends on the quantity of the particles and their toxicity. Agricola, in the 15th century, noted that diseases of miners were related to the dryness of mines.' Heppleston concluded, on the basis of his experiments, that it was the surface of the silica dust that was primarily involved in the disease. 2 Kosztolanyi et al observed that the severity of tissue lesions caused by 1 to 5 pm diameter particles was related to their electrophoretic mobility.3 These findings suggested that it could be the particle charge that made silica toxic. The present study investigates this possibility.
Material and methods
The experiment had two parts: the first was the measurement of charge on respirable particles and the second was the incubation of these particles with alveolar macrophages to check for the presence of collagenase. Charge measurements were made in the cleaning rooms of foundries using either silica or non-silica sand. The particles in the cleaning rooms were always quite dry and their concentrations in the air were higher than in other areas in the foundries: it was therefore easier for measurements to be taken.
The accepted method for sampling respirable dust is by using the Dorr-Oliver 10 mm nylon cyclone connected to a pump at a flow rate of 1 Table 1 gives the results. Table 2 gives results of the cell culture studies.
Discussion
Silica is known to be cytotoxic to the alveolar macrophage and the death of the macrophage has been suggested to be intimately related to the genesis of silicotic fibrosis. The pulmonary reaction to silica has four distinct events:2
(1) Necrosis of the macrophage that had taken up and liberated the silica particle. (2) particles appears to be a property that causes macrophages and fibroblasts to react in the characteristic manner, this reaction could be aggravated by the current generated by the positively charged particles. Current in the range of 0 01 to 15 uA has been found to promote synthesis of collagen by fibroblasts.'" A measurement of current was made in the present study; 0 02 pA was generated by the positively charged particles. Further, it has been reported that crysotile asbestos caused fibroblasts to lay down collagen directly without the activation by macrophages.'6 This could be because the charge they carried generated a current in the critical range to elicit this reaction, possibly a potentiating mechanism of the disease. '7 It has been known for some years that olivine, unlike silica, does not cause lung disease and the substitution of silica by olivine has been recommended as a method of control in foundries.'8 If positive charge on particles was indeed the causative factor in silicosis, there should be a distinct difference in this property for the two substances. When measured in the present study the charge from olivine was found to be highly negative but of the same magnitude as that measured for silica bearing dusts in iron foundries.
The body appears to have low tolerance for positive charge or electron deficiency. Most chemical carcinogens require metabolic activation in vivo. The final active forms ofchemical carcinogens are electron deficient, electrophilic, or positively charged reagents. These electrophils combine with numerous electron rich components of cellular molecules such as nucleic acids or proteins to form covalently bound carcinogen residues attached to these macromolecules. The binding of the chemical carcinogens to specific informational molecules involved in the control of growth appears to initiate the carcinogenic process, the positively charged reagents being the initiating factors.'9 Experiments with implanted surface charge have supported this process of initiation.'" The mechanism of pathogenesis in the silica reaction at the cellular level has been discussed in detail. 2 22 Allison's experiments also pointed out that necrosis of the macrophage was not the important step in the sequence culminating in the disease but that fibrogenesis was dose dependent, being greatest when small doses of silica were used. The figure shows that higher values of positive charge were measured when humidity was low. This suggests that keeping the humidity high may help in controlling the charge picked up by the silica particles and thus their toxicity. Humidity would also help in the coalescence of smaller particles to larger ones, possibly making them non-respirable.
Conclusions
The experimental work and survey of published data suggest that the toxicity of respirable silica particles is caused by the large amount of positive charge they carry. Low humidity tends to increase the magnitude of the charge.
The proposed mechanism is that inhaled silica particles that reach the alveolar regions are taken up by macrophages. These positively charged silica particles combine with specific electron rich protein molecules within the macrophage. This results in the release of collagenase. 
